As body potassium is predominantly intracellular, serum levels may not accurately reflect changes in total body potassium. Sodium concentration, pH and extracellular water space influence the concentration of potassium in the serum which constitutes less than 5% of total body potassium (Scribner & Burnell, 1956) . A deficiency in body potassium may exist before extracellular potassium falls (Flear, Cooke & Quinton, 1957) . In chronic potassium depleting situations such as diuretic therapy, malabsorption states, ureterocolic anastomosis, etc., serum potassium changes do not correlate with changes in total body potassium (Leibman & Edelman, 1959; Williams, Davenport, Burkinshaw & Hughes, 1967; Senewiratne & Sherlock, 1968; Johny, Lawrence, Clarkson & Worthley, 1968) .
The first measurements of body radioactivity in vivo were reported by Schlundt, Barker & Flinn (1929) . Instruments with a sensitivity sufficient to detect the natural gamma ray activity of the body were first developed by Sievert (1951) and Burch & Spiers (1953) . Miller & Marinelli (1 956) described a sodium iodide crystal scintillation counter that could accurately measure the body radioactivity. This paper presents an assessment of the accuracy and value of a whole body counter in measuring serial changes in total body potassium.
M E T H O D S

Description of the monitor
The whole body monitor used in the study was designed by one of us (B.W.W.) to identify and assay the gamma emitters within the human body irrespective of their mode of distribution. The gamma ray detectors consist of four sodium iodide (thallium activated) cylindrical crystals, 11.5 cm in diameter and 5 cm long. Each detector head consists of the crystal and a 12.5 cm photomultiplier and pre-amplifier circuit, and is mounted on a carriage which encircles the investigation couch. The detector heads are set at 45" from the vertical, with 50 cm separating the faces of the diametrically opposed crystals with two over and two under the couch. The circular crystal carriage is driven along the length of the body for 183 cm in 12 min. At the end of each scan, the carriage pauses for 1.6 min. The end pause time was experimentally determined to give the smallest variation in total counts with variation in position of radioactive material on the patient couch. This arrangement of four detector heads set at the periphery of a circle, which moves along the whole length of the body with pauses at the end of each scan, produces a quasi 4 TC detector system. The crystal carriage system is contained within a room of internal dimensions 250 cm x 150 cm x 150 cm walled by steel 15 cm thick. This shields the majority of gamma rays from the soil, but admits cosmic rays relatively freely. The steel walls in practice reduce the background count by a factor of 30. To minimize the radioactive contamination of the shield, pre-war steel was used in the construction of the room.
Calibration of the counter
The equipment was calibrated using an aqueous solution of Analar potassium chloride with 20 g of potassium per kg of solution in polythene bottles of various sizes and shapes. These bottles were arranged in the form of the human body with different heights and weights. Each phantom was scanned for a period of 1 h and 56 & 2 s (four traverses) and the counts from photons emitted in the energy range 0.85-1.75 MeV were measured. The following formula was derived for C = counts k-' g potassium-' where W = weight in kg.
Height 183 cm C = 33.1 +(70-W) 0.077 Height 152.5 cm C = 3 1.9 + (70-W) 0.047
The value of C for a subject weighing 53 kg and height 168 cm was given by the average of the values for heights of 152.5 cm and 183 cm, i.e. 34.4 x 32.712 = 33.6 cts k-' g potassium-'.
It will be observed that for the standard man, the difference between the values of C for 152.5 cm (5 ft) and 183 cm (6 ft) height is 3.7% of the mean value or k 1.9% about the mean for a height of 168 cm. Any error imposed by indeterminancy of the height correlation will introduce a fixed small error in the potassium assay of a particular subject. However, the correction for height is less than the SD from statistical considerations (4%).
Even with extensive shielding from naturally occurring gamma rays from the environment, extremely penetrating cosmic radiation produces a significant background. From this source the background for the Adelaide whole body counter is approximately 17000 counts/h in the energy range 0.85-1-75 MeV. The expected count from a standard man weighing 70 kg and having 3600 mEiq of potassium is approximately 4500; i.e. only 21% of the total counts is due to potassium. Hence, accurate knowledge of background counts and a high order of electronic stability are required. On the assumption that the electronic factors may be controlled by adequate design, the accuracy with which potassium may be determined is largely dependent on the stability of the background. If, for example, a background of 17000 is measured and then the patient counted for the same length of time, on statistical grounds the SD of the background may be set at 185 counts, that is equivalent to a SD of 150 mEq of potassium or 4% for a standard man. To minimize the error due to fluctuations in the background, the background measurement for four scans is performed using a distilled water phantom of the same height and weight as the subject immediately before or after the actual count.
To assess the error involved in background measurement by representing a patient composed of a variety of elements by a distilled water phantom, a 70 kg phantom was constructed of materials with the same proportion of elements as the standard man described by the I.C.R.P. (1959) . Due to the radioactivity of potassium the element was replaced by an equal weight of calcium. After fifteen measurements of 1 h each for a distilled water phantom and the same for the element equivalent phantom, no significant difference could be observed between the two sets of measurements in the energy range 0.3-1.75 MeV. Hence a simple distilled water phantom was used in subsequent measurements.
Other measurements comparing the response of the detectors to distilled water phantoms and the empty bed indicated that a difference in the phantom weight of 10 kg introduced a systematic error of 2 g (50 mEq) in the assessment of body potassium.
Serial measurements in normal subjects
To evaluate the variability in serial measurements of total body potassium, two groups of normal ambulant volunteers were studied. On each occasion the subject was counted for 1 h (four scans). Six subjects were measured on 2 or 4 consecutive days to assess the daily variability. The other seven volunteers were studied on four occasions at 4-weekly intervals to examine long term variability in total body potassium as measured by the counter.
The data from serial total body potassium studies were analysed by double classification analysis of variance. An estimate of normal variability within the subjects was made using the formula (Paradine & Rivett, 1960) . where na,, '+a' = mean square of within subjects CT' = residual analytical mean square n = number of occasions on which variability was measured nv = normal variability All measurements in control subjects and patients were performed by one of us (K.V.J.) Table 1 shows the results of total body potassium measurements on consecutive days in six subjects and the coefficient of variation in two where four consecutive measurements were available.
RESULTS
The total body potassium measurements and the coefficient of variation in individual subjects in the long term study at 4-week intervals are shown in Table 2 . One subject lost considerable weight during the study period and hence was excluded. The coefficient of variation in the consecutive day and monthly studies was comparable and varied from 1.44 to 4.09% except in one subject (No. 11) in whom the coefficient of variation was 6.1 1 %. Tables 1 and 2 also show the results of analysis of variance of both the short and long term data. The residual variability when subjects were measured on 2 or 4 consecutive days remained almost the same (mean square 10.97 and 12.70 respectively) and was comparable when measurements were made at intervals of 4 weeks (17.62). On the other hand, the variability within subjects was greater in 4-weekly studies (mean square 29.35) than in four consecutive daily studies (5.53). It was still smaller when measurements were made on 2 consecutive days (1.77).
An estimate of normal variability within subjects was computed (Paradine & Rivett, 1960) and showed a variability of 1.23% in normals at 4-weekly intervals over 3 months (Table 3) . When measurements were made daily on two or four occasions, the normal variability could not be distinguished from the analytical variability (2.41 and 3.09 respectively).
Total body potassium measurements in two subjects on salt restriction did not show any appreciable difference in 1-12 weeks. 
I:
I rise to 3-4 photons sec-l 8-l of natural element. Emission of gamma rays from the potassium contained in the human body allows total body counting to assay the body content of this material. With the advent of nuclear weapon testing and fission products from the upper atmosphere descending over the whole globe, 137Caesium (half life 30 y, emitting gamma rays of energy 0.66 MeV) has become incorporated in the human body and follows closely the metabolic behaviour of potassium. In the northern hemisphere where most of the weapons have been tried, other gamma emitting isotopes have been detected, but these have not been found in significant quantities in subjects measured in Adelaide (Fig. 1) . If a standard man contains 3600 mEq of potassium, 490 photons of energy 1.46 MeV/s will be emitted and if the body contains 10 nCi of 137Cs from fallout, another 300 photons of energy 0.66 MeV/s will be added. Hence, for accurate assessment of body potassium, the method employed must discriminate the photons from 137Cs and any other isotopes from fallout or tracer tests to which the patients have been subjected. By using the procedures of gamma ray spectroscopy with sodium iodide crystal detectors with high powers of resolution and good sensitivity shielded against the background, it is possible to measure 40K in the presence of 137Cs in nanocurie activity. A previous tracer test with 51Cr in large quantities is usually tolerable but 59Fe with gamma rays of energy 1.10 and 1.29 MeV imposes considerable difficulties. Patients containing thorotrast, 22Na, 24Na and 47Ca which give gamma rays in the vicinity of 1.4 MeV are unsuitable for potassium assay.
Plastic and liquid scintillators used in similar whole body counters are relatively cheap, large and of high sensitivity but with lower powers of resolution. Body potassium measurement using isotope dilution technique with 42K described by Corsa, Olney, Steenburg, Ball & Moore (1950) has been compared unfavourably with a whole body counter for accuracy in total body potassium studies (Surveyor & Hughes, 1968).
The present study has assessed the use and value of the Adelaide whole body counter in total body potassium studies. The coefficient of variation in four consecutive measurements on normals made daily and at 4-weekly intervals varied from 1-44 to 4.09% (except in one subject), which is well within the counting statistics. The analytical variability of measurements at short or long intervals was comparable (Table 3 ). This suggests that the counter was stable during the period of study. However, as expected, the variability of measurements within subjects was greater when studies were made at 4-weekly intervals than on consecutive days. Presumably this was due to normal variability in total body potassium, as the analytical variability remained almost constant. The normal variability in total body potassium estimated from this study (1.23%) is smaller than previously reported. Evans (1963) reported a normal daily potassium fluctuation up to 7% ; but others have observed smaller changes (Kossman, Paterson 8c Andrews, 1965; Bengtsson, 1967) .
The total body potassium content between individuals being widely variable, it is difficult to assess accurately the body potassium state of an individual from a single measurement unless other parameters like total body water or lean body mass are available (Muldowney, Crookes 8c Bluhm, 1957) . However, the body potassium of an individual being relatively constant, serial measurements are a reliable method of assessing changes in total body potassium. The S.E. for a single potassium measurement based on counting statistics of the counter used in this study is 4.3% and is comparable to other similar counters (Spiers, 1962) . Considering the normal variability of body potassium in man at long intervals (3 months) and the counting statistics of the monitor, changes of the magnitude of 7% (2 SD) can be accurately estimated at 95% confidence limit by a single measurement in situations where body potassium changes can be anticipated. When measurements can be repeated or made at shorter intervals, the accuracy of the technique can be further improved as the normal variability in total body potassium becomes almost negligible. It appears that whole body counting is an accurate and useful method of assessing changes in total body potassium, hence potassium balance in clinical studies.
